Abstract
Introduction

5
The impact of agricultural systems on the environment is of increasing concern generally, and there is 6 a growing body of research into the quantification of environmental benefits and disbenefits resulting 7 from agriculture and other rural industries. However, little work has concentrated on the valuation of 8 environmental benefits and disbenefits at the farm level with few considering the trade-off between 9 financial and environmental impacts.
10
The objective of this paper is to provide insights into possible approaches to both the valuation of 11 environmental benefits and disbenefits at the farm level and the resultant trade-offs between financial 12 and environmental impacts. This is achieved through the use of data from a case-study farm at 
24
Analysis of the trade-off between financial returns from farming and its environmental impact is based 25 on the use of combined environmental economic models, providing a framework that allows both 26 conventional agricultural production and the production of externalities (Wossink et al., 1996) .
27
Farming systems can therefore be analysed from both financial and environmental viewpoints to 28 evaluate trade-offs between the two criteria. 29 3 Early examples are provided by the materials balance framework of Ayres and Kneese (1969) and 1 input-output analysis developed by Leontief (1970) . Both approaches successfully highlighted some 2 interactions between the economy and the environment offering convenient classifications for 3 environmental impacts at various stages of economic activity. More recent examples are from 4 environmental impact assessment (EIA) (Glasson et al., 1994) . EIA deals with four key problem areas: 5 identification, prediction and measurement, interpretation, and communication.
6
Impact identification techniques (Bisset, 1983 (Bisset, , 1988 Wathern, 1984) date from the 1970s and include 7 checklists (Dee et al., 1972) , networks (Sorenson, 1971) , and matrices (Leopold et al., 1971) . They 8 provide a simple enumeration of the impacts of an action, concentrating on pollution and soil erosion 9 and, to a lesser extent, social impacts such as recreation and employment. Economic considerations are 10 virtually ignored and they tend to not give the probability, importance or magnitude of the likely 11 impacts of an activity.
12
Key concepts involved in the measurement of environmental impacts are scoring to standardise the 13 information for comparative purposes using qualitative or quantitative methods and weighting to reflect 14 the relative importance of different impacts. Possible approaches to measurement and valuation include 15 the construction of indices (e.g., Kelly et al., 1996) , energy use analysis (e.g., Taylor et al., 1993 ) and 16 monetary valuation. Pearce et al. (1989a) argue that it is important to place monetary measures on 17 environmental gains and losses for capturing the intensity of preference and degree of concern for the 18 environment. Extensive literature exists on the economic valuation of the environment covering both 19 theory (e.g., Pearce et al., 1989b; Meister, 1990 ) and also practical applications (e.g., Dixon and 20 Sherman, 1990; James, 1994) . Identification of impacts and their measurement or valuation are then 21 combined in the environmental economic models. Cost benefit analysis (CBA) and multi criteria 22 analysis (MCA) are the most common such approaches.
23
CBA applies monetary values to all costs and benefits resulting from an action to be undertaken 24 (Mishan, 1975 
5
Alongside current interest in MCA is the considerable amount of work on environmental and natural 6 resource accounting (see Ahmad et al., 1989; Lutz, 1993; United Nations, 1993) . Such accounting is a 7 comprehensive incorporation of the environmental impacts into the system of national accounts to allow 8 the assessment of the trade-offs between the benefits and disbenefits of production and consumption 9 activities. These approaches provide a coherent picture of resource use and depletion or increase,
10
which can be linked to, or integrated with, the national accounts (Bartelmus, 1989) . Two examples are 11 the Norwegian system of resource accounting (Alfsen et al., 1987) and the French patrimony accounts 12 (Theys, 1989 and it is argued that all economic activity should be taken into consideration. This includes the use of 27 the natural environment and its incorporation occurring alongside traditional accounting activities.
28
Second, there is the requirement for a consistent, reliable and comparable data set which can be used 29 for the effective management of the environmental resource base (Pearce et al., 1989a 
25
Identifying criteria to illustrate the impact of agriculture on the environment is more problematic.
26
They need to be measurable, derived objectively, verifiable, and replicable and, given that it is currently 27 impossible to measure all environmental impacts, they should ideally be proxies for other processes.
28
Indicators which measure changes in key processes or highlight areas of concern are commonly used.
29
Areas of concern include changes in: amenity; soil quality; water quality and quantity; atmospheric 
23
The 
25
Using data from one of the sites in the LINK IFS experiment, the accounting framework is used here 14 Table 2 presents the same information using world prices (mid-November prices from the HGCA
15
Weekly Digest) and without area payments to reflect the social value of agricultural output from the two 16 systems via the removal of government intervention. Phase 3, set-aside, is also excluded from the 17 rotation. In using world prices, it is assumed that the use and subsequent management of inputs into the 18 two systems remains unchanged, and that crop choice, despite changing prices, also remains unchanged. 
27
The subsequent tables provide information on the environmental data being considered. These 28 include information on the causes of environmental degradation, i.e., the use of nitrogen fertiliser and 29 pesticides (Table 3) , and the effects that these are believed to generate. The indicators chosen to 30 11 represent these impacts are, respectively, earthworm (Lumbricidae) biomass (Table 4) , nitrate loss 1 (Table 5) , and invertebrate (beetle (Carabidae) and spider (Arachnida)) numbers ( 26 Table 3 summarises the chemical use in both systems. As is to be expected, it shows that the use of 27 nitrogen fertiliser on the integrated system in comparison with conventional practice is reduced. This is 28 primarily as a result of the inclusion of spring crops in the rotation, although as stated above,
29
applications on the winter wheat crops are also reduced. 
21
In determining the economic value of earthworms, it is assumed that the agricultural use value of 22 earthworms in terms of soil quality equates to the difference between the cost of ploughing and 23 subsequent cultivation and minimal tillage practices including direct drilling. The relevant costs per 24 hectare are £90 for ploughing including the associated seedbed preparation, between £40 and £80 for 25 minimal tillage, and £30 for direct drilling (Nix, 1996) . The difference between the two practices 26 therefore ranges from £10, the difference between ploughing and the most costly minimal tillage 27 system, to £60 the difference between ploughing and direct drilling. conventional system has the highest residues in all years, whereas in the integrated system the highest 24 residues occur in the wheat phases. The lowest residues tend to be in the set-aside and barley phases of 25 both systems.
26
The economic value of these nitrate residues, all of which are assumed to have been leached into 27 surface or groundwater courses, can be related to the damage it causes to water quality and the cost of electrodialysis, as they remove less than 50% of the nitrate within the water. This treatment cost can 10 then be applied to the nitrate residues. However, the cost is not applied to all the available residue but 11 to levels above a given threshold. This recognises that there is some naturally occurring leakage of 12 nitrate from the system, and also that that the environment has the ability to assimilate a certain amount 13 of waste in the form of pollution before it becomes adversely affected. Two thresholds have been put 14 forward. First, a threshold of 4kg which has been suggested as the maximum amount of leakage that 15 occurs from undisturbed natural ecosystems (Gosz, 1981; Melillo, 1981) . Second, threshold levels 16 which relate the losses of nitrate residues to the concentrations in the receiving water using the EU limit 17 as a reference point, concerns over drinking water quality having led to the European Community 18 imposing a limit of 50 mg l -1 for nitrate in potable water (Council of the European Communities, 1980).
19
Concentrations above this limit incur a cost, whereas concentrations below this limit do not incur a cost.
20
The limit used, although arbitrary, can be justified in that it is a well-documented, recognised, legalistic 21 reference point and is a value which has received considerable attention regarding the relationship 22 between nitrate loss and the resultant concentrations in the receiving water in relation to soil type,
23
climate and the quality of that receiving water. Williams (1990) , for example, has modelled nitrate loss 24 in relation to the concentrations in the receiving water using data on the water supply system, the Table 6 provides information on the final indicator of environmental impact, the number of 
10
Combining the information on the financial results with environmental impact gives rise to a system 11 of integrated environmental and economic accounts (see Table 7 ). 
5
Regarding the use of environmental and natural resource accounting it can be said that it has the 6 potential to provide a format for allowing the trade-off between financial and environmental impacts, 
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14 Table 1 1 
